Introduction: In community-acquired pneumonia, severity assessment tools, such as CRB65, CURB65 and Pneumonia Severity Index (PSI), have been promoted to increase the proportion of patients treated in the community. The prognostic accuracy of these scores is established in hospitalized patients, but less is known about their use in out-patients. We aimed to study the accuracy of these severity tools to predict mortality in patients managed as out-patients. Methods: We performed a systematic review and meta-analysis according to MOOSE guidelines. From 1980 to 2010, we identified 13 studies reporting prognostic information for the CRB65, CURB65 and PSI severity scores in out-patients (either exclusively managed in the community or discharged from an emergency department <24 h after admission). Two reviewers independently collected data and assessed study quality. Performance characteristics across the studies were pooled using a random-effects model. Relationships between sensitivity and specificity were plotted using summary receiver operator characteristic curves (sROC).
Introduction
The initial decision of whether a patient requires hospitalization for community-acquired pneumonia (CAP) or can be managed as an out-patient can be difficult. Evidence suggests that physicians both over and underestimate the risk of complications in patients with CAP, leading to inappropriate hospitalization for low-risk patients. 1 In the UK, the average cost for managing pneumonia in the community was estimated at £100 per episode compared with £1700-5100 when the patient requires admission to hospital, with hospitalization accounting for 87% of the total annual cost of managing CAP. 2 In the USA based on figures from 1990s, the mean (AESD) treatment cost for an in-patient episode of CAP was $10 227 AE 15 342, compared with $466 AE 1038 for an out-patient episode of CAP. 3 The authors also estimated the annual cost of treating CAP in the USA at $12.2 billion.
Aside from the financial benefits of out-patient care, many patients prefer out-patient management 4 and data suggest that satisfaction with care is at least as good in patients managed in the community compared with hospitalized low-risk patients. 5 This has led to the development of severity assessment tools such as the Pneumonia severity index 6 and CURB65/CRB65. 7 These scores are designed to promote outpatient management by providing an objective measure of the risk of 30-day mortality based on a number of validated predictors of outcome.
Although these scores have established accuracy for prediction of mortality in hospitalized patients, most cases of lower respiratory tract infections (LRTI) or CAP internationally are managed in primary care, 8 usually by general practitioners (GPs). Increasing the number of patients managed as outpatients using validated severity criteria has the potential to reduce hospital costs, increase patient satisfaction and reduce hospital-related complications such as MRSA and Clostridium difficile infections. 9 Two meta-analyses 10, 11 have recently reviewed the use of severity criteria in hospitalized patients, finding PSI, CURB-65 and CRB-65 all predict 30-day mortality. A third study sought to study the CRB65 score alone in both hospitalized and non-hospitalized groups and found CRB-65 over-predicts the probability of 30-day mortality in community settings. 12 The role of severity criteria in outpatients has not been established and no meta-analysis comparing the predictive value for mortality of severity scores in outpatient populations has previously been performed. This study aimed to systematically review the published literature in relation to these pneumonia scoring systems for predicting mortality in patients managed in outpatient settings.
Methods
The present study was a systematic review and meta-analysis conducted according to MOOSE (meta-analysis of observational studies in epidemiology) guidelines. 13 
Search criteria
A search was conducted of Medline and EMBASE databases for articles on major MeSH terms 'Severity of Illness Index' and 'Pneumonia' between 1981 and 2010. We also performed separate Pubmed searches for text terms 'CURB65','CRB65', 'CURB-65', 'CRB-65', 'Pneumonia Severity Index', 'severity scores', 'prognosis', 'mortality', 'predict' and text terms 'pneumonia', 'community-acquired pneumonia' and 'CAP'. We limited articles to those published in the English language. Full articles of all potentially appropriate peer-reviewed abstracts were reviewed. The search strategy omitted 'outpatient' as a text term as studies containing out-patient data are often combined with in-patient data. The search strategy was supplemented by reviewing of reference lists, bibliographies and the investigator files.
Data extraction
Two investigators independently assessed articles to determine study eligibility. Non-relevant studies were excluded based on title and abstract review only. Potentially relevant studies were reviewed by at least two researchers who carried out data extraction and quality assessment in a blinded fashion. Any disagreement between abstractors was resolved independently by a third abstractor.
Study inclusion and study quality assessment
All studies were considered eligible if they fulfilled the following criteria: original publications; data on at least 20 out-patients contained in manuscript; inclusion of unselected patients with community acquired pneumonia; exclusion of non-CAP diagnoses, e.g. non-pneumonic exacerbation of COPD; calculation of severity score based on admission data.
There are no widely accepted quality criteria for observational studies. In order to assess quality, each study was assessed by the following criteria that represent important sources of bias: (i) inclusion: patients recruited consecutively and in an unbiased fashion according to a standard definition of CAP; (ii) follow-up: were the patients appropriately followed up to determine survival; (iii) severity score measurement: severity score calculated according to standard definition and calculated at presentation; and (iv) potential confounding: potential confounders considered and accounted for. Each paper was also given an overall assessment taking into account each category. Two reviewers independently assessed quality and the agreement between the two reviewers was measured using the k-statistic.
Definition of out-patient care
For the purposes of this analysis, out-patient care was defined as patients exclusively managed in primary care or patients discharged from the emergency department (within 24 h). All other patients not meeting this definition were regarded as hospitalized patients and were excluded from the analysis. Where definitions in included papers were unclear, authors were contacted to clarify this.
Primary outcome
The primary outcome for this study was 30-day mortality.
Statistical analysis
We compared outcomes between high-and low-risk out-patients, the incidence of each outcome in the mild to intermediate CAP and severe CAP groups were calculated and these odds ratios were weighted by the inverse of their variance and pooled across all studies using a Dersimonian/Laird random-effects model. For each severity score, pooled sensitivity and specificity are reported. A priori we specified that out-patient management should be considered safe if it was associated with a <1% mortality rate at 30 days. This is a recognized cut-off in the literature based on the findings of the original PORT study that defined the cut-offs points for the pneumonia severity index. PSI groups I-III are considered suitable for out-patient treatment, where mortality rates were 0, 0.6 and 0.9%, respectively. 6 Similarly, for CRB65, group 0 are considered suitable for out-patient treatment and had a 0.9% mortality rate in the original derivation study. 7 We therefore present the observed: predicted risk ratios for each study and the pooled risk ratio assuming a predicted risk of mortality of 1%. A risk ratio <1 indicates a <1% mortality for low-risk patients. Statistical heterogeneity was assessed using Cochrans Q-(chi-square) test and Higgins I 2 tests. For the Cochrans Q-test, P < 0.1 was considered to represent significant heterogeneity. For the Higgins test, I
2 < 25% indicates low heterogeneity, 25-50% moderate and >50% severe heterogeneity.
A summary receiver operator characteristic curve (sROC) was constructed describing the relationship between sensitivity and specificity across the included studies. For each score, the area under the sROC curve (AUC) is reported.
Results

Studies included
A total of 858 abstracts were reviewed and 60 papers were potentially eligible and were reviewed in detail ( Figure 1) . The majority of studies reviewed were not included as they only contained data on in-patients, did not report data for any of the severity scores under investigation or did not report mortality.
Fifteen studies 6, 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] were identified meeting the criteria to be assessed with data from 13 studies as a further 2 were excluded as they had insufficient numbers of out-patients or data not displayed. 24, 25 Thirteen studies were included in the final metaanalysis (details in Table 1 ). Nine were prospective cohort studies, 6, 8, 14, 15, 17, [19] [20] [21] [22] one was retrospective case review 16 and three were data from randomized controlled trials. 18, 22, 23 Only one paper included data exclusively collected in out-patients, 8 the other studies reported data on patients initially assessed in hospital and subsequently managed in the community.
For assessment of the Pneumonia Severity Index (PSI), 10 studies were identified 6,14,16,18-23 for CBR65 criteria was assessed in 4 8, 15, 17, 19 and CURB65 data was only present in 2 papers 17, 19 so there was insufficient data to perform an metaanalysis for CURB65. All studies for CBR65 and PSI used 30 (or 28 days) mortality as outcome measures and reported mortality rates ranged from 0 to 3.5%.
Quality assessment
Two reviewers independently assessed quality, for: (i) inclusion, six studies were rated as good, five as moderate and two as suboptimal; (ii) follow-up, four studies rated as good, one as moderate, three as suboptimal and five studies were unclear; Figure 1 . Systematic review process and meta-analysis. (iii) severity score, 11 studies rated as good and two as moderate; and (iv) potential confounding, five studies were rated as good, six as moderate and two as suboptimal. Overall six studies were rated as good, five as moderate and two as suboptimal. There was good agreement between the two reviewers (k-statistic 0.75).
Meta-analysis
CURB65
Two studies were available with CURB65 criteria and consequently a meta-analysis was not feasible. 
CRB65 as a predictor of 28-30 day mortality
Four papers 8, 15, 17, 19 were identified with 1648 patients. Pooled data shows CBR65 = 0, 0% mortality (879 patients), CRB65 = 1, 0.5% mortality (615 patients), CRB65 = 2, 6.3% mortality (126 patients), CRB65 = 3, 13.2% mortality (28 patients) and no patient was CRB65 4.
Using the recommended cut-off for hospital admission (CRB65 > 0) to define requirement for hospitalization, only three studies could be included, as the Bont et al. study only included patients aged >65 years. In this analysis, pooled sensitivity was 100% (48-100%), pooled specificity 65% (62-68%) with no significant heterogeneity. Further analysis was limited due to the low number of events.
Using CRB65 > 1 to define hospital admission, pooled sensitivity was 81% (54-96%) and pooled specificity was 91% (90-93%). Area under the sROC was 0.91 (SE 0.05). The pooled diagnostic odds ratio for a CRB65 score 52 was 16.47 (4.9-55.4) with no significant heterogeneity (Cochran Q 0.33, P = 0.8). These estimates were significantly limited by the low event rate. The sROC curve for 30-day mortality using CRB65 is shown (Figure 2) .
Comparing the performance of CRB65 in patients with CRB65 0 to 1 (low-risk patients) to the preset 1% level of mortality, CRB65 was associated with a relative risk of 0.35 (0.10-1.16), P = 0.09 with no significant heterogeneity ( 2 = 2.70, df = 3, P = 0.44, I 2 = 0%) (Figure 3 ).
PSI
Ten studies were identified for PSI 6, 14, 16, [18] [19] [20] [21] [22] [23] with 3972 patients. Combining PSI I-III, mortality was 8 of 3655 patients (0.2%), whereas with PSI Classes IV and V mortality was 32 in 317 patients (10.1%).
Comparing low-risk (PSI I-III patients) against high-risk (PSI IV/V) classifications, only six studies could be pooled (two studies 14, 21 reported no mortality and two 18, 23 only contained data for PSI low-risk groups). Pooled sensitivity was 92% (64-100%) and pooled specificity was 90% (89-91%). Negative likelihood ratio (NLR) was 0.21 (0.08-0.59) and area under the sROC was 0.92 (SE 0.03). The sROC curve for mortality for PSI is shown (Figure 2) .
The risk of death in low-risk patients as classified by the PSI (PSI I-III) was compared to the preset 1% predicted level of mortality. PSI had a relative risk of 0.35 [0.17-0.72], P = 0.004 with no significant heterogeneity ( 2 = 5.18, df = 8, P = 0.74, I 2 = 0%) ( Figure 4 ).
Discussion
Out-patient management of community acquired pneumonia has the potential to reduce costs related to hospitalization, improve patient satisfaction and reduce complications related to hospitalization such as MRSA and C. difficile infections. The use of validated severity criteria has been proposed as a mechanism to increase the number of patients managed in the community. The results of this metaanalysis suggest that out-patient management of selected low-risk patients is safe, with a very low mortality rate observed for patients in low-risk CRB65 (0 or 1) and PSI groups (I-III) managed in the community. Currently guidelines suggest that patients with a CRB65 score of 1 should be managed with short hospitalization. Our results suggest that in selected patients, out-patient management of this group is associated with a low mortality rate.
In contrast to the data in low-risk patients, patients with PSI score >3 and CRB65 score >1 had a relatively high mortality (10.1 and 8.4%, respectively) when managed in the community. It is possible that some of the mortality in this group represented patients in whom hospital admission was inappropriate. Marrie and Huang 26 demonstrated that for selected patients in PSI Classes IV and V, outpatient management was safe and associated with low mortality. The available data, however, does not support out-patient management in these patient groups.
The CURB65 and PSI were originally derived and validated in hospitalized patients and GPs may not have access to areas such as pulmonary radiography or laboratory investigations in order to complete the scoring systems. To overcome this factor the CRB65 system has been advocated 27 as these variables should be immediately available to the GP. Direct application of these scores from secondary to primary care at first seems reasonable. However, using a score with the main aim of predicting mortality may not be appropriate in primary care given low rates of death in this population. Another difficulty faced would be the 'cut-off' required to classify patients-a mild CAP in a 66-year-old patient will trigger a severity point but this may not be, on its own, sufficient for requiring hospital assessment. Conversely, patients with co-morbidities may indeed require hospital assessment with a CRB65 score of 0. Therefore these scores, as with all severity scoring systems, must be assessed in conjunction with physician judgement.
This meta-analysis demonstrates that there is a relatively little data in the literature on the use of scoring systems in out-patient managed community acquired pneumonia. The majority of the data presented here were derived from patients initially assessed in hospital and discharged within 24 h. This is a significant limitation of the analysis and further studies in exclusively out-patient populations are required. From the data, we present we have shown both CRB65 and PSI are good at identifying low-risk patients, who are at a low risk of death, and therefore are confidently managed as out-patients. From the available data neither PSI nor CRB65 scores shows superiority in this regard. As CRB65 is easier to calculate and does not rely on laboratory parameters, CRB65 may be more useful for primary care physicians. Only one study has been performed, using our inclusion criteria, exclusively in out-patients. 8 Bont et al. 8 also chose to study a population over the age of 65 years and found that age alone was not a requirement of hospital admission. They suggest patients in CRB65 2 could also be managed in the community (when age >65 years), but this would depend on local resources and ability to closely monitor patients at home. They also acknowledge that future studies assessing out-patients with respiratory infections should look at parameters other than mortality as outcome measures. Although more complex, a major advantage of the pneumonia severity index is that implementation of this score has been shown to safely increase the proportion of patients treated in the community. 9 In a recent meta-analysis, we demonstrated that this was associated with no increase in readmissions, mortality or any adverse effect on patient satisfaction with care. 9 Limitations of this meta-analysis must be acknowledged. This study was limited by the relatively small number of studies especially for CRB65 and CURB65. In addition, as mentioned above, only one study exclusively including out-patients was identified. More studies in primary care are therefore needed. Although we identified high-mortality rates in moderate to high-risk patients managed in the community, a number of potential confounders must be considered; first, patient factors such as patient preference for out-patient care, despite medical advice may lead to more high-risk patients being managed as out-patients. Furthermore, on occasion, there may be a number of patients where CAP may be seen as a terminal event and therefore a decision is made against hospitalization given prognostic considerations. Therefore, some of the mortality observed in out-patients is likely to represent patients in whom hospitalization was deemed inappropriate. As well as patient considerations, the attending physician may not estimate the severity correctly leading to a higher proportion managed in the community or conversely the physician may deem it safe to mange a patient in the community despite the severity score. Future studies should also assess the importance of each of these factors in management of patients with CAP in the community and should also include markers of failed out-patient management, such as subsequent hospitalization.
In conclusion, patients in the low-risk CRB65 and PSI classes are at low risk of death when managed as out-patients but further studies are needed in out-patient cohorts.
